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ABSTRACT 
Oil Palm (Elaeis guineensis Jacq.) grown on volcanic ash soils in Papua New Guinea 
(PNG) generally respond well to N fertilisers but shows a lack of consistent response to 
inorganic phosphorus (P) fertilisers. This is true even on soils with high phosphate 
retention (PR) and where Olsen P values highlighted in the preliminary survey of 
PNGOPRA field trial data are very low (<10 mg/kg) . A notable exception occurs at 
Bialla (Trial 20 I) where significant responses (yield and growth parameters) to P 
fertilisers have been found on soils with very low Olsen P ( < 4 mg/kg) and very high PR 
values (>90% to at least 60 cm depth). 
This study was done to characterise the PNG oil palm growing volcanic soils in relation 
to P responsiveness, to identify P fractions and their relative amounts, to determine the 
fate of applied P fertilisers and to compare chemical and mineralogical characteristics of 
PNG soils with some New Zealand (NZ) equivalent soils. 
Mineralogical analysis indicates that the PNG soils used in this study are relatively young 
as evidenced by the presence of very high amounts of readily-weatherable volcanic glass 
in the sand, silt and clay fractions. Soils at Hoskins, Kapiura and Bialla, all in West New 
Britain (WNB) Province, contain similar amounts and types of primary and secondary 
minerals. Soils at Bialla are probably older than those at Hoskins and Kapiura and 
contain large amounts of secondary amorphous minerals (allophane and ferrihydrite) in 
the clay fraction. Soils at Popondetta are different from those in WNB with high 
amounts of hornblende and no augite or hypersthene in the heavy mineral fraction . 
Allophane levels in the clay fraction are high to very high in soil surface layers at 
Hoskins and Kapiura and at all depths in Bialla soils. At Popondetta, allophane content 
is very low at all depths 
PR in all soils and at all depths was highly correlated with acid oxalate extractable Al 
(Alo) (r = 0.84*) and iron (Fe0 ) (r = 0.89*). The sources of these 2 extracts (allophane 
and ferrihydrite) are largely responsible for the high PR in the soils studied. High 
allophane and ferrihydrite levels at all depths in Bialla soils correspond well with very 
Ill 
high PR values ( >90%) to at least 2 m depth. Low levels of these 2 minerals in 
Popondetta soils correspond well with low PR values (30% ). Intermediate PR values 
(60 - 70%) for Hoskins and Kapiura surface soils correlates well with the occurrence of 
intermediate levels of allophane and ferrihydrite . 
In all PNG soils, a P fractionation scheme showed that the major P fractions are organic. 
At Hoskins, NaOH-Po accounts for 38 to 48% of total P. For Kapiura NaOH-Po 
accounts for approximately 50% of total P, and Bicarb.-Po accounts for 59% of total 
bicarbonate-extractable P. For Bialla soils, NaOH-Po and Bicarb.-Po comprise between 
74 and 76%, on average, of their respective total extracted P for all depths. At 
Popondetta, NaOH-Po comprises 62% and Bicarb.-Po 63% of their respective total 
extractable P contents. 
P fertiliser accumulation in Hoskins and Kapiura soils occurs mostly in organic forms 
and within the top 10 cm of soil. At Hoskins, 83% of total added P accumulated in the 
top 10 cm (53% being NaOH-Po) while 17% was found in the next 10 cm depth (31% 
being NaOH-Po). At Kapiura, 74% of total accumulated P was found in the top 10 cm 
of soil (61 % being NaOH-Po) and 26% within the 20 - 30 cm layer (81 % being 
NaOH-Po). 
The presence of amorphous minerals explains much of the behaviour of P in trial soils, 
with the major P source/sink in PNG soils being as organic forms. 
In relation to soil mineralogical and chemical characteristics, PNG soils were classified 
into one of the major 3 groups in terms of responsiveness to P fertilisers; (a) soils with 
very high PR (>90%) and Olsen P values of less than 4 mg/kg which are considered 
most likely to respond to inorganic P fertilisers e.g. Bialla soil, (b) soils with medium to 
high PR (60 - 70%) will likely show inconsistent responses to P fertilisers and P 
responses are most likely to be secondary to N e.g. Hoskins and Kapiura soils and 
( c) soils with low PR (30 - 40%) which are unlikely to respond to P fertilisers at least in 
the foreseeable future e.g. Popondetta soils. 
IV 
This study highlights a future need for further study of the dynamics of P nutrient 
cycling, specifically the mineralisation rates of organic matter and the release of Pi for 
plant uptake in PNG oil palm growing soils. Also there is a need to re-establish the leaf 
critical concentration because in PNG soils though leaf levels are generally less than 
0.150% DM, palms do not always respond to P fertilisers. This suggests that the 
"critical" P concentrations under PNG conditions is probably less than the international 
standard at 0.150% DM. 
Mineralogical and P sorption characteristics of young volcanic ash soils in NZ are 
sufficiently similar to those in PNG to provide useful information about the general 
behaviour of P fertilisers and P reaction products in oil palm production systems. 
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